Objective: To observe the otolithic function in sudden sensorineural hearing loss (SSHL) patients in different age groups by using vestibular evoked myogenic potentials (VEMPs). Methods: One hundred and seventy unilateral SSHL patients were divided into 5 age groups. The 170 affected ears belonged to study group. The opposite healthy ears of 170 patients and 138 normal ears of 69 age-and sex-matched normal people at different ages were set as control groups. Ocular VEMP (oVEMP) and cervical VEMP (cVEMP) both evoked by air-conducted sound (ACS) were employed for vestibular otolithic function assessment. Results: The response rates of cVEMP and oVEMP were lower and abnormal rates were higher in affected ears of SSHL patients compared to the opposite healthy ears and normal control ears in all age groups, except patients over 60 years. The response rates of VEMPs significantly declined with increasing age, not only in normal control ears, but also in affected and healthy ears of SSHL patients. But, the abnormal rates of VEMPs showed no significant difference in affected ears at different ages. Conclusions: Dysfunction of vestibular otolithic organs in SSHL patients presented respective features at different ages. It is necessary to consider the age when the clinicians determine the otolithic condition of patients based on the VEMPs.
Introduction
Sudden sensorineural hearing loss (SSHL) is defined as a sudden onset of more than 30 dB sensorineural hearing loss in at least three consecutive audiometric frequencies for unknown causes, which occurs within 3 days or less [1] . Several national surveys have estimated the incidence of SSHL at between five and 30 cases per 100,000 per year [2] - [4] . However, the German guideline of SSHL in 2011 has shown an incidence as high as 160 -400 cases per 100,000 per year [5] . The etiology and pathophysiological mechanisms of SSHL have not been identified, although viral infection, vascular obstruction, and autoimmune reaction have been proposed [6] . And tension, pressure, mood swings, irregular life, and sleep disorders are generally considered as the main inducing factors of SSHL [7] . Vestibular symptoms are reported to be present in 28% to 57% of patients [8] . With the emphasis on vestibular function assessment, many researchers have studied the features of vestibular disorders in SSHL patients. In recent studies, it was found that vestibular otolith organs could be impaired in SSHL patients, and the otolithic dysfunction could be detected by vestibular evoked myogenic potentials (VEMPs) [9] - [11] .
VEMPs are recorded from the superficial skeletal muscles in response to powerful suitable stimuli, such as air-conducted sound (ACS), bone-conducted vibration (BCV) or electrical stimulation. It has been used as clinical tests to assess vestibular macula function including saccule and utricle and the integrity of their afferent pathways for around 20 years. Cervical VEMP (cVEMP), which is recorded from the surface of sternocleidomastoid muscle (SCM) and generated by the activation of saccular afferents, reflects the function of the saccule and inferior vestibular nerve input pathway [12] . Ocular VEMP (oVEMP) is considered able to reflect the function of utricle and the superior vestibular nerve input pathway, which is recorded from the skin surface of contralateral inferior oblique muscle (beneath the eyes) [13] . In our previous study, cVEMP and oVEMP responses of 194 healthy ears have been collected, and we found that age might be an important influence on the presence and waveform features of VEMPs [14] .
The clinical features such as manifestation and recovery of SSHL patients at different ages have already been reported in many researches, with, to our knowledge, none investigating differences of vestibular otolithic dysfunction in patients between different ages. Thus, in the present study, we observed the function of otolithic organs and their input pathways in SSHL patients at different ages using ACS-cVEMP and ACS-oVEMP test, hoping to provide some reference for the clinicians when they evaluate the otolithic condition of patients based on the VEMPs responses.
Materials and Methods

Clinical Data
This study retrospectively evaluated patients with unilateral SSHL, who visited the Department of Otorhinolaryngology of Second Affiliated Hospital of Xi'an Jiaotong University School of Medicine from May 2011 to May 2015. The inclusion criteria of SSHL patients (referred to the SSHL guideline established by AAO-HNS in 2012 [1] ): (1) unilateral unfluctuating sensorineural hearing loss with sudden onset (within 3 days or less); (2) hearing loss of more than 30 dB at three consecutive audiometric frequencies; (3) no identifiable cause; (4) absence of other neurological signs. Exclusion criteria: (1) history of traumatic brain injury, otitis media, vertigo, tinnitus or hearing loss, etc; (2) central or retrocochlear hearing loss as measured by auditory brainstem response and MRI, such as acoustic neuroma; (3) conductive hearing impairment, which may affect the results of the vestibular tests; (4) over 30 days from the onset of hearing loss.
One hundred and seventy patients (mean age 43.75 ± 13.80 years; range 10 -74 years, female/male 90/80) were involved as Study Group in our study. They were divided into 5 groups according to age, age ≤ 30 years as group 1, 31 -40 years as group 2, 41 -50 years as group 3, 51 -60 years as group 4 and ≥61 years as group 5. The average PTA of 170 affected ears was 82.74 ± 21.30 dB HL, ranging from 41 dB to 126 dB HL. Ninety-six (n = 170, 56.5%) of them suffered from vertigo or dizziness. All patients underwent audiometry, ACS-cVEMP and ACS-oVEMP tests.
The opposite healthy ears of 170 SSHL patients and 69 age-and sex-matched normal people (mean age 45.81 ± 16.97 years; range 10 -78 years, female/male 41/28) were recruited as Control Groups in this study. One hundred and seventy healthy ears and 138 normal ears were collected and tested oVEMP and cVEMP.
The study was approved by the regional ethical standards committee in the Second Affiliated Hospital of Xi'an Jiaotong University School of Medicine. Each subject signed the informed consent form for participation.
Audiometry
The hearing level of each patient was obtained on the first visit. The pure-tone average (PTA) was calculated as the average threshold at 500, 1 k, 2 k and 4 k Hz. If the hearing threshold at a certain frequency was off the scale, the estimated threshold of the frequency will be the maximum sound level generated by the audiometer plus 10 dB HL for calculating.
VEMPs Testing
The specific test methods were described in previous study [15] [16] . Briefly, each subject lay in the supine position. In cVEMP testing, two active electrodes were placed in the middle of the bilateral sternocleidomastoid (SCM) muscles; two reference electrodes were placed above the bilateral sternoclavicular joints and a ground electrode on the midline of the forehead. Interelectrode resistance should be less than 5 kΩ. Each subject was required to raise her/his head off the pillow to activate the SCM and keep the head in the centerline of the body when sounds were presented through an insert earphone [15] . In oVEMP testing, two active electrodes were placed 1 cm below the lower lid margin of each eye in line with the pupil, the reference electrodes were placed 1 cm below each active electrodes and a ground electrode on the midline of the forehead. Interelectrode resistance should be less than 5 kΩ. Each subject was asked to look upwards when hearing sound from the insert earphone [16] .
Air-conducted sound (ACS) with 500 Hz short tone burst (rise/fall time = 1 ms; plateau time = 2 ms) was used for examination. The electromyographic signal from the stimulated side was amplified using a GN Otometrics (Taastrup, Denmark) ICS ChartrEP analyser. The stimulation rate was 5/s, and the responses to 50 stimuli were averaged. ACS was transmitted through a calibrated insert earphone. A stimulus level of 131 dB SPL was used as the default starting intensity to check whether the subject's VEMPs could be elicited and to identify the waveforms. The stimulus intensity would decrease in step of 10 dB or increase 5 dB, depending upon the presence or absence of VEMPs, respectively.
Observation Index for cVEMP and oVEMP
VEMPs were obtained when there were reproducible short-latency biphasic waveforms appearing. Unrecognizable or unrepeatable waveforms were regarded as absence of responses. The lowest stimulus intensity of an identifiable and repeatable biphasic wave was recorded as the threshold (dB SPL). Parameters such as P1 and N1 latencies (ms), interpeak latency (ms), and amplitude (μV) were recorded at a stimulus level of 131 dB SPL. The latencies of P1 and N1 were determined by the time between 0 ms and the peaks of P1 and N1. Interpeak latency was an absolute value of the time between P1 and N1. Amplitude was defined as the vertical distance between the peaks of P1 and N1.
Normal values of parameters at a stimulus level of 131 dB SPL of oVEMP and cVEMP in different age groups among Chinese population have been recorded in our previous study [14] . Normal ranges of those parameters in different age groups were calculated as Mean ± 2 SD, respectively. The absence of VEMPs and recorded parameter values out of the normal ranges, such as elevated thresholds and prolonged latencies, were considered abnormalities in patients with SSHL.
Statistical Analysis
Data was analyzed using SPSS Statistics 13.0. The χ 2 test or Fisher's Exact Test was used for comparison of the abnormal and response rates. Hearing thresholds were analyzed by Independent-Samples T test. The level of statistical significance was set at P < 0.05.
Results
Clinic Features of SSHL Patients in Every Age Group
As shown in Table 1 , one hundred and seventy SSHL patients were divided into five groups by age. From group 1 to 5, there were 30 patients, 33 patients, 53 patients, 35 patients and 19 patients belonged to each group respectively. The sex ratio, distribution of affected sides, course of disease, incidence of vertigo, and hearing level of the affected ear were similar among 5 groups (P > 0.05). Most patients visited our hospital in 1or 2 weeks after onset, only 13.53% (23/170) of patients came to the hospital over 2 weeks. The average hearing loss was about 80 dB HL and patients suffered from vertigo were roughly the same amount to whom did not ( Table 1) .
Response and Abnormal Rates of VEMPs between Affected, Healthy and Normal Control Ears in Every Age Group
In total 170 SSHL patients, the oVEMP revealed presence in 85 affected ears (50%) and abnormal responses in 98 affected ears (57.6%). The cVEMP waves were elicited in 91 affected ears (53.5%) and abnormal responses were observed in 92 affected ears (54.1%). Except group 5, the response rates of cVEMP and oVEMP were lower and abnormal rates were higher in affected ears of SSHL patients compared to the opposite healthy ears and normal control ears in all groups ( Table 2) . And, although the response rate of cVEMP in group 1 didn't show significant differences in statistical analysis between affected, healthy and normal control ears, we still can see the numerical trend of lower response rate in affected ears ( Table 2) .
The Effect of Age on Response and Abnormal Rates of VEMPs in Affected, Healthy and Normal Control Ears
The response rates of cVEMP and oVEMP significantly declined with increasing age (P < 0.01, χ 2 test) in all affected, healthy and normal control ears. The abnormal rates of VEMPs in normal control ears increased along with age (P < 0.01, χ 2 test). Abnormal cVEMP and oVEMP only showed an increasing trend in both affected and healthy ears, except abnormal rate of oVEMP in healthy ears rises significantly with age (P < 0.05, χ 2 test) (Figure 1). 
Discussion
As shown in Table 1 , the peak incidence of SSHL was between 40 to 50 years old and the mean age of SSHL patients was 43.75 ± 13.80 years. Similar percentages of males and females were found among 170 SSHL patients, and left and right sides were affected almost equally (P > 0.05). In present study, there were 56.5% patients suffered from vertigo and the average PTA of 170 patients was 82.74 ± 21.30 dB HL. These clinic features were similar with previous reports [8] [11] . Overall, there had no significant differences on above clinic features among 5 age groups.
It has been reported in many studies that there could be a particular percentage of otolithic involvement while cochlear impairment in patients with SSHL [9] -[11] [17] . As objective testing programmes, cVEMP and oVEMP tests were employed to assess saccular and utricular fuction by researchers. You et al. reported abnormal rates of 47% in cVEMP test and 48% in oVEMP test in 75 unilateral SSHL patients (mean age 54 ± 16 years) [11] . Zhang et al. found that oVEMP and cVEMP responses were observed in 40.0% and 62.5% ears among 40 SSHL patients (mean age 48.4 ± 14.1 years, range 12 -78 years) [9] . Our study showed that the oVEMP revealed abnormal responses in 57.6% patients, and the abnormal responses of cVEMP were observed in 54.1% patients, similar to previous studies.
In our previous study, we collected cVEMP and oVEMP results in 194 healthy ears and found that the response rates decreased, thresholds elevated, amplitudes deceased and latencies prolonged in both examinations Figure 1 . The effect of age on response and abnormal rates of VEMPs in affected, healthy and normal control ears. The response rates of cVEMP and oVEMP significantly declined with increasing age (P < 0.01, χ 2 test) in all affected, healthy and normal control ears. Abnormal rate of oVEMP in healthy ears rises significantly with age (P < 0.05, χ 2 test). with the age growing [14] . Similar results were observed in other studies, the prevalence of oVEMP in the over-60 group was found significantly lower than that in the under-60 group. And the group over 60 years had significant longer latencies and smaller amplitudes compared with those under 60 years [18] . Piker et al. found that amplitudes were larger and thresholds were lower of both cVEMP and oVEMP in the younger people [19] . Decreased cVEMP and oVEMP amplitudes were also observed in older subjects (>50 years old) by Nguyen et al. [20] . The results above indicated that oVEMP and cVEMP changes with age increasing. Considering the possible impact on VEMPs caused by age during clinical application, we divided SSHL patients into 5 age groups and investigated the features of otolithic dysfunction respectively. As shown in Table 2 , in patients under 60 years, the response rates of cVEMP and oVEMP in affected ears were significantly lower and abnormal rates in affected ears were also significantly higher than those in the healthy and normal control ears (P < 0.05) ( Table 2 ). But in people over 60 years old, response rates of cVEMP and oVEMP in normal ears were 70.0% and 33.3%, decreased from 100% and 100% in normal people under 30 years old. And the response rates of cVEMP and oVEMP in SSHL affected ears in group 5 were 42.1% and 31.6% respectively. Except the lower response rate of cVEMP in affected ears, the rest abnormalities of oVEMP and cVEMP were similar between affected, healthy and normal ears in group 5. Our results indicated that in SSHL patients under 60 years old the vestibular otolothic dysfunction could be detected definitely by using cVEMP and oVEMP tests. But VEMPs might not be able to reflect the real influence of otolithic function caused by SSHL truthfully in patients over 60 years old, especially oVEMP test. This might relate to the low response rate of VEMPs in older people. So we suggest that the reference value of ACS-VEMPs in assessing the otolithic function was limited in patients over 60 years old, maybe changing a more powerful stimulation method such as bone-conducted vibration (BCV) or electrical stimulation could be considered to solve this problem.
In patients under 30 years, the response rate of cVEMP in affected ears was 83.3%, lower than the rate of 100% in normal ears, although there was no significant difference of cVEMP response rate in statistical analysis between affected and control ears. However, considering the thresholds elevated and latencies prolonged cVEMP waves, the cVEMP abnormal rate in affected ears was 43.3% in patients under 30 years, which was significantly higher than that in control ears. As to oVEMP, the absent rate was 20.0% and abnormal rate was 50.0% in affected ears in patients under 30 years. It illustrated that in most relatively young SSHL patients under 30 years old, the otolithic damage caused by SSHL might not be serious enough to be expressed in terms of absence of VEMP waves, the majority of the impairment could be shown in an obscure way which manifested as thresholds elevated or latencies prolonged VEMPs waves (Figure 2 ). This also suggested that the otolith organs might not be utterly destroyed easily in young SSHL patients.
As mentioned previously, varying degrees of abnormal VEMPs were observed in every SSHL age group under 60 years old. Moreover, in this study, the response rates of VEMPs significantly declined with increasing age, not only in normal control ears, but also in affected and contralateral healthy ears of SSHL patients (Figure 1) . It reminded us that, whether normal people or patients, we should consider the age effect during the results analysis in clinic application or scientific researches of VEMPs. And it was important to establish the normal data of VEMPs at all ages for reference. Although abnormal cVEMP and oVEMP showed an increasing trend in both affected and healthy ears, but there had no statistically significant differences between 5 age groups. The results above indicated that vestibular otolithic damage expressed by absent VEMPs was relatively less in younger patient than older patients with SSHL, but abnormal VEMPs behaved as thresholds elevated and latencies prolonged were more common in younger patients. Taking into account the abnormity of parameters, the abnormal rates of VEMPs showed no significant difference in affected ears of SSHL patients at different ages.
Many studies have focused on the features of vestibular involvement in SSHL, and tried to analyze the causes according to the pattern of the extent of vestibular lesions. But the causes of SSHL remain uncertain, as does the specific site of inner ear damage. Many treatments are used, including corticosteroids, antiviral drugs, and vasoactive and oxygen-based treatments. And a short course of oral high-dose corticosteroids are routinely recommend for primary treatment of SSHL [6] . There is much to learn about pathogenesis of SSHL, and more clinical trials are needed to establish evidence-based management.
Conclusion
In patients with SSHL under 60 years old, the vestibular otolothic dysfunction could be detected definitely by using ACS-cVEMP and ACS-oVEMP tests. But VEMPs might be unable to reflect the real influence of otolithic function caused by SSHL truthfully in patients over 60 years old, especially oVEMP test. Moreover, vestibular otolithic damage expressed by absent VEMPs was relatively less in younger patients, but abnormal VEMPs behaved as thresholds elevated and latencies prolonged were more common in younger patients. It is necessary to consider the age when the clinicians determine the otolithic condition of patients based on the VEMPs.
